with different levels of sodium nitrite and nitrate, inoculated with Clostridium botulinum, and pasteurized to an internal temperature of 68.5 C. When added to the meat, nitrite concentrations decreased, and cooking had little effect on them. Nitrite concentrations decreased more rapidly during storage at 27 than at 7 C; however they remained rather constant at formulated levels throughout the experiment at both incubation temperatures. The level of nitrite added to the meat greatly influenced growth and toxin production of C. botulinum. The concentration of nitrite necessary to effect complete inhibition was dependent on the inoculum level. With 90 C. botulinum spores/g of meat, botulinum toxin developed in samples formulated with 150 but not with 200 fig of nitrite per g of meat. At a spore level of 5,000/g, toxin was detected in samples with 400 but not with 500 Mg of nitrite per g of the product incubated at 27 C. At lower concentrations of nitrite, growth was retarded at both spore levels. No toxin developed in samples incubated at 7 C. Nitrate showed a statistically significant inhibitory effect at a given nitrite level; however, the effect was insufficient to be of practical value. Analyses for 14 volatile nitrosamines from samples made with varying levels of nitrite and nitrate were negative at a detection level of 0.01 gg of nitrite or nitrate per g of meat.
temperature of 68.5 C. When added to the meat, nitrite concentrations decreased, and cooking had little effect on them. Nitrite concentrations decreased more rapidly during storage at 27 than at 7 C; however they remained rather constant at formulated levels throughout the experiment at both incubation temperatures. The level of nitrite added to the meat greatly influenced growth and toxin production of C. botulinum. The concentration of nitrite necessary to effect complete inhibition was dependent on the inoculum level. With 90 C. botulinum spores/g of meat, botulinum toxin developed in samples formulated with 150 but not with 200 fig of nitrite per g of meat. At a spore level of 5,000/g, toxin was detected in samples with 400 but not with 500 Mg of nitrite per g of the product incubated at 27 C. At lower concentrations of nitrite, growth was retarded at both spore levels. No toxin developed in samples incubated at 7 C. Nitrate showed a statistically significant inhibitory effect at a given nitrite level; however, the effect was insufficient to be of practical value. Analyses for 14 volatile nitrosamines from samples made with varying levels of nitrite and nitrate were negative at a detection level of 0.01 gg of nitrite or nitrate per g of meat.
There is much conflicting information in the earlier literature concerning the effect of curing salts on botulinal toxin production in cured meats. More recent information has indicated that nitrite in particular plays a significant role in inhibiting growth of C. botulinum and other organisms in cured meat products (6, 10, 13-15, 17, 18) .
Ham, bacon, dry sausage, frankfurters, and other cured meats differ from each other in many respects (e.g., formulation, processing techniques, packaging, and manner of marketing). For this reason, the determination of nitrite and nitrate levels needed to control the botulinal hazard must be made separately for each class of product.
Perishable canned ham does not receive sufficient thermal processing to prevent the possibility of botulinal toxin production in the product and thus is labeled "keep under refrigeration." It is also recognized that this class of product is often temperature abused at the retail and consumer level. In addition to the role played by curing salts in reducing the botulinal hazard, there is current interest in the role of these compounds in the formation of nitrosamines in cured meat products (5 Holding conditions. The bulk of the canned product was abused by holding at 27 C and observed over 6 months. A lesser number of the canned product was held at 7 C. Cans were removed according to a predetermined sampling schedule or at time of swelling, whichever occurred first. Uninoculated product was tested to determine the residual levels of nitrite and nitrate.
Assays for spore levels and toxin. Modified (7) was used for viable spore counts. All samples were heat shocked (15 min at 80 C) before analysis. Toxin assays were made by blending half of each can of product with an equal weight of gelatin phosphate buffer. The slurry was centrifuged, and the supernatant fluid (0.5 ml) was injected into Swiss strain white mice of weights varying from 18 to 20 g. Botulinal toxin was confirmed with one unprotected mouse, one mouse protected with AB botulinal antitoxin, and one mouse injected with 0.5 ml of boiled supernatant fluid. Death of the unprotected and survival of the latter two mice indicated botulinal toxin in the sample. Samples yielding questionable results were reconfirmed by additional testing on the remaining portion of the sample which had been frozen.
Chemical analyses. Nitrite and nitrate concentrations were determined spectrophotometrically by using modifications of methods 24.014 and 24.011 of the Association of Official Analytical Chemists (4). The nitrite procedure involved the separate additions of sulfanilic acid and alpha-naphthylamine to the sample. For nitrate analysis the sample was treated with urea in acid solution to destroy the nitrite. The nitrate then was reacted with meta-xylenol, the reaction product was distilled off, and the distillate was diluted for analysis. Samples with various combinations of nitrite and nitrate levels were analyzed for nitrosamine content by using the Food and Drug Administration's multidetection system (Fazio, et al., 1971 . Proceedings on Analysis and Formation of Nitrosamines, Heidelberg, Germany, 13-15 October, in press).
RESULTS
The effect of cooking and storage on nitrite depletion is shown in Table 2 . An approximate one-fourth reduction in nitrite occurred after its addition to the meat. Cooking had little, or no, effect on nitrite levels. The rate of nitrite As expected, toxin production was generally more rapid at a given nitrite level in the product with the high inoculum as compared with the low inoculum. Also, there were more toxic cans at the high inoculum level (135 cans) than at the low inoculum level (95 cans).
The data were analyzed by multiple linear regression analysis to determine the type and degree of relationship between toxin development and the test conditions. Confirmed toxic samples were assigned a probability of 1.0, and nontoxic samples were assigned a probability of 0.0. These response data were analyzed to develop prediction equations on the probability of toxicity for specified conditions. All of the 27 C inoculated data were pooled for an analysis of toxicity as a function of time, initial nitrite and nitrate levels, and spore levels. The resulting curves ( Fig. 2 and 3 ) confirm the observations: (i) as the level of nitrite increased, the probability of botulinal toxin production decreased; and (ii) at a given nitrite concentration the probability of toxin production was greater at the high spore inoculum level than at the low spore inoculum level.
The same type of statistical analysis was performed by using the predicted residual nitrite level associated with each sample. Comparison of the equations indicated that the risk Each value at 7 C and 27 C is an average of three or four samples. of toxicity can most accurately be predicted from initial rather than residual nitrite levels.
The effect of nitrate on toxin production was slight but statistically significant (P = 0.05). Increased nitrate levels at a given nitrite level generally resulted in a delay in toxin development and fewer samples with botulinal toxin. This effect was most apparent at the nitrite levels (O and 50 ,g/g of meat) with the low spore inoculum (Table 4) .
It is possible that the positive nitrate effect may have been caused by nitrite. During storage at 27 C, the concentration of residual nitrite at a given added nitrite level generally was higher in samples containing the higher level of nitrate ( This experiment was designed for the express purpose of determining the value of nitrite and nitrate in this class of product. The level of sodium chloride, other ingredients, and processing conditions were held constant, all in concert with typical industry practice.
Botulinal spores have rarely been found in raw meat (8), but they have been found in packaged processed meat products at the retail level (1, 9, 19) .
Some postulated roles of nitrite (10) include: (a) enhancement of destruction of spores by heat; (b) increasing the rate of spore germination during thermal processing, with subsequent killing of the germinated spore by heat; (c) prevention of growth of the germinated spores which survive thermal processing; and (d) reaction with some component of the meat to form an antimicrobial compound. The last mechanism has been demonstrated in broth culture (12) and in meat (3).
Our results demonstrate that the viable population of C. botulinum declined during storage in samples where actual growth did not occur. It appears that the major role of nitrite might be its ability to prevent growth of germinated spores (14) by either affecting the spore at time of initial contact, or by forming some inhibitory substance that is not analytically nitrite, or by both.
Our results agree with earlier observations that the rate of nitrite depletion is influenced by temperature of storage (11, 15) . We found that an initial reduction in nitrite occurred at the time of contact with the meat and that heat processing had no appreciable effect.
It was found that omission of nitrite from the formulation led to nontoxic spoilage (7 of 10 cans) of the product within 1 month's storage at 7 C. This occurred in the uninoculated product and demonstrates that, if this class of product is to be commercially practical under normal refrigeration conditions, nitrite is required to achieve the semiperishable status.
